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ABSTRACT

Morphometric traits or body conformation traits also called linear body
measurements are important in predicting marketing body weight
especially for commercial breeders and producers. The total number of
reared Domyati ducklings are 168 hatched, at marketing age (8 wks.) 44
brown and 14 white Domyati ducks were used to estimate the body
weight and body measurements such as shank length (ShL), keel length
(KL), body circumference (BC), breast length (BrL), breast width (Brw),
beak width (BL), and body length (BL). Our results showed that there is
no significant difference between both white and brown Domyati ducks
for body measurements. There was high positive correlation among
body weight and body measurements on both white and brown Domyati
ducks, especially in brown line. With respect to regression analysis, the
R2 was higher for body measurements of white Domyati duck, while it
was lower on brown Domyati ducks. The correlation was positive in both
phenotypes but was higher in the Domyati brown duck, and there was a
clear difference in the regression analysis between the two phenotypes
in of Domyati ducks. The R2 was lower in brown Domyati duck, while the
R2 was higher on white Domyati duck for most studied body
measurements. In conclusion, there was a feather color effect on linear
regression models and correlation among body weight and body
measurements.
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Introduction
Domyati duck (Anas platyrhynchos) is one of the local
strains in Egypt and similar in its phenotypic
characters to standard Mallard Duck breed, which is
distinguished by the quality of its meat and egg
production, making it a desirable breed for many
consumers in Egypt (Makram 2015; 2016; Alsaffar et
al., 2024). Local strains are generally characterized by
their high immunity and adaptation to the climatic
conditions of the country in which they live. They are
also often raised in villages and small projects, which
they are sought after for local consumption. Local
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breeds often vary in appearance, such as feather
color or body proportions, this variation occurs within
the same breed. Therefore, improving local breeds
begins by characterizing their phenotypic and
productive performance (Galal et al., 2011; Makram,
2015 and 2016; Makram et al., 2024). The livestock
characteristics may be observed through both
quantitative and qualitative features, with the
guantitative attribute being connected to the
animal’s economic properties. However qualitative
traits like body shape and feather color, may be
associated with quantitative traits (Ismoyowati et al.
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2017). Teguia et al., (2008) reported that in Muscovy
ducks the relationship between live body
measurements and carcass components depended
on the correlation between body weight and chest
circumference, keel length and thigh length. Yakubu
and Ugbo (2011) compared morphological variations
between two duck populations reared in different
areas in Nigeria for body length and breast
circumference at 45 weeks of age. Saatci et al. (2005)
indicate that the feather color in geese play a
significant role in determining hatching weight of
goslings. There are few studies focused on the effect
of feather color on growth performance in
waterfowls and the little study found that no effect of
feather color on carcass traits in geese (Saatci et al.,
2009, Sarica et al., 2015, Kirmizibayrak and Boga,
2018). Abdel-Tawab et al. (2025) reported that there
is a significant difference between white and brown
Domyati ducks for some studied carcass traits.
Materials and Methods

A total of 168 healthy Domyati ducklings with high
vitality were hatched and reared under identical
environmental, management, and hygienic
conditions from day one until the conclusion of the
experiment. The ducklings were categorized into two
groups based on feather coloration: Brown-feathered
(Br-F) comprising 91% of the population and White-
feathered (Wt-F) representing the remaining 9%
(Figure 1).
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Figure (): Photo of b
(Egyptian Mallard).

At 8 weeks of age 44 (22 male+ 22 female) brown
Domyati and 14 (7 male + 7 female) white Domyati
birds were used for measuring body measurements in
millimeter as follows:
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Shank Length was measured as the length of the
tibiotarsus (from the top of the hock joint) to the
foot pad with a digital caliper.

Keel Length: measured for each duck individually by
a digital caliper.

The body circumference is taken from the site
under the wings to the edge of sternum.

4. Body Length: a longitude body beginning from beak

to termination bird foot.

5. Breast Length: The distance between the first

dorsal vertebra and sternum.

6. Breast Width: The distance between right and left

glenoid cavity.

7. Beak Length: The distance between the tip of the

bill and rear end of the beak.

8. Beak Width: The width of the beak from the center

of the upper beak through the distance from the

right side to the left side.
Statistical Analyses: Data is concerned with body
measurements, using the General Linear Model
(GLM) procedure of (SAS, 2013) according to the
following model:
Yij= 1 + Fi+ eij
Where: Yij=Trait measured, p=0verall means,
F=Feather color effect & eij=Experimental error
Pearson Correlation Analysis: Dataset contains two
continuous variables (X and Y). Statistical software
which is used for visualization correlation matrix by
(CORRPLOT package) is (R-Studio, 2024). Pearson
correlation measures the linear relationship between
two continuous variables according to the following
model:
r=[2(Xi-X7) (Yi=Y7)] / [V(Z(Xi-X")23(Yi-Y7)2)]
Where: r is the Pearson correlation coefficient, Xi and
Yi are individual data points., X” and Y™ are the means
of X and Y, respectively.
The correlation coefficient (r) was calculated to
measure the strength and direction of the linear
relationship. The significance of the correlation was
tested using a t-test, where the null hypothesis is that
there is no correlation (r=0). The p-value was used to
determine the statistical significance of the
correlation.
Linear and Nonlinear Regression Analysis: Dataset
containing the dependent variable (Y) and
independent variable (X). Statistical software which is
used for regression analysis is (SPSS, 2011).
Linear Regression: Linear regression model shows the
relationship between the dependent variable (Y) and
the independent variable (X) using a linear equation
model:
Y=BO+B1X+e
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Where: Y is the dependent variable (body
measurements), X is the independent variable (live
body weight), BO is the intercept, B1 is the slope
coefficient & € is the error term.
Nonlinear Regressions:
Quadratic Regression: Using a second-degree
polynomial using the following equation model:
Y=BO+B1X+p2X2+€
Where: X2 is the square of the independent variable.
Cubic Regression: Using a third-degree polynomial
using the following equation model:
Y=BO+B1X+P2X2+B3X3+e
Where: X3 is the cube of the independent variable.
Logarithmic Regression: Using the following equation
model:
Y=B0+B1In(X)+e
Where: In(X) is the natural
independent variable.
For each model, the coefficients (B0, B1, B2, B3) were
estimated using the least squares method. The
goodness of fit for each model was assessed using the
coefficient of determination (R?) and the p-value for
each coefficient. Residual analysis was conducted to
check the assumptions of normality,
homoscedasticity, and independence of errors.
Results and Discussion
Body Measurements: All measured traits (shank
length, keel length, body circumference, breast
dimensions, beak size, and body length) showed no
statistically significant differences (p > 0.05) between
Brown (Br-F) and White (Wt-F) Domyati ducks in
Table (1).
Genetic Homogeneity: Feather color variation (Br-F
vs. Wt-F) may not be linked to structural growth traits
in Domyati ducks, suggesting these loci are
independent of genes controlling body morphology
(e.g., MC1R for plumage color vs. IGF1 for growth)
(Yakubu et al., 2015; Makram et al., 2021).
Environmental Uniformity: Strictly controlled rearing
conditions (diet, hygiene, management) likely
minimized phenotypic plasticity, masking potential
minor genetic effects (Galal et al., 2011; Teguia et al.,
2008).
Slightly higher (but non-significant) values in Wt-F
ducks for keel length, body circumference, and breast
dimensions might reflect sampling variability because
of small sample size in the Wt-F group (9%) could
inflate standard errors (+ values). Near-identical beak
length/width (p > 0.05) aligns with findings that beak
morphology is conserved across duck breeds unless

logarithm of the
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under strong selective pressure (Ismoyowati et al.,
2017).

In Mallards, wild-type plumage (brown) males exhibit
larger body sizes than females due to sexual
dimorphism, but no significant size differences exist
between natural color morphs. This aligns with our
Domyati duck findings where brown and white
feather variants showed no statistically significant
differences in body measurements (Guay and Tracey,
2009).

Mallard duck studies demonstrate that beak length
and width correlate strongly with foraging efficiency
but show low heritability, indicating these traits are
more influenced by environmental factors than
genetics. This parallels our Domyati results where
beak dimensions showed no significant variation
between brown and white-feathered ducks (Olsen et
al., 2021).

Research on Mallards indicates that controlled
rearing conditions (uniform diet, housing, and
management) significantly reduce phenotypic
variance, often masking potential genetic differences
between groups. This supports our results where
standardized rearing conditions likely minimized
observable differences between feather color groups
(Heath et al., 2020).

Wild Mallards exhibit pronounced sexual size
dimorphism, with males being 10-15% larger than
females in body mass and linear measurements. This
contrasts with our Domyati data where sexes were
presumably balanced across groups, resulting in no
significant size differences between color variants
(Baldassarre, 2014).

Pearson correlation coefficients: Pearson correlation
coefficients were calculated between body weight
(BW) and various body measurements in two genetic
lines of Domyati ducks: brown and white. Correlation
values provide insights into which traits are most
associated with body weight, potentially helping to
improve selection criteria in breeding programs.

In the brown line: The highest correlation with body
weight is breast length (r = 0.92), followed closely by
shank length (r = 0.94), body length (r = 0.97), and
body circumference (r = 0.95). All body
measurements show strong positive correlations with
body weight, suggesting a consistent growth pattern.
Notably, breast width (r = 0.89) and beak
measurements (r = 0.92-0.95) are also positively
associated. This strong set of correlations suggests
that skeletal and muscle development (e.g., keel,
breast, shank) are good predictors of BW in the brown
line.
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Table (1): Effect of Feather color (F) (Brown and white) on Body Measurements of Domyati duck
Traits Brovli:myatl Duck Lm\(le\;‘hite Probability
Shank length (mm.) 82.05+0.60 82.17+1.40 NS
Keel length (mm.) 123.37+0.79 126.5+2.61 NS
Body Circum. (mm.) 39.32 £0.25 40.08%0.31 NS
Breast length (mm.) 174.75+2.82 177.1745.12 NS
Breast width (mm.) 87.09+0.74 88.33+1.77 NS
Beak length (mm.) 63.71+0.48 64.17+£1.13 NS
Beak width (mm.) 26.8610.16 26.58+0.38 NS
Body length (mm.) 77.31+0.43 78.29+1.08 NS

NS = Non-significant, (‘Brown = 91%" and “White = 9%" from total population phenotypes).

In the white line: The highest correlation with body
weight is keel length (r = 0.95), followed by beak
width (r = 0.91) and shank length (r = 0.92). While
most correlations remain strong, a noticeable drop is
seen with breast width (r = 0.86) and especially body
length (r = 0.92). Body circumference (r = 0.85) also
shows a relatively lower correlation than in the brown
line. This suggests that while body weight in white
ducks is still associated with body measurements,
there may be more variability in fat deposition and
skeletal conformation. The high positive correlations,
especially in the brown line, indicate that linear body
measurements can serve as reliable indicators of
growth and productivity in ducks. Traits like keel
length, shank length, and breast dimensions are
especially useful in estimating body weight.

These results align with previous studies showing that
morphometric traits are useful in indirect selection
for body weight, particularly in indigenous duck
breeds (Yakubu et al., 2011; Ibe, 1989). Moreover, the
differences in correlation strengths between the
brown and white lines may reflect underlying genetic
variability, which should be considered in selection
programs (Figures 2 and 3).
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Figure (2): The correlation between body weight and
body measurements of brown Domyati duck
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Figure (3): The correlation between body weight
and body measurements of white Domyati duck
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Regression analysis: Regression analysis was
performed on data set based on feather color in Table
(2) and Figures (4, 5, 6, 7, 8, 9, 10 and 11). Linear
regression analysis was conducted and observed in
table 2 to evaluate the effect of various body
measurements on body weight (BW) in two lines of
Domyati ducks: the brown feather line and the white
feather line. In each case, BW was considered the
dependent variable (Y), while traits such as shank
length, keel length, breast length and width, beak
length and width, body length, and body
circumference were treated as independent variables
(X).

Regression analysis: Regression analysis was
performed on data set based on feather color in Table
(2) and Figures (4, 5, 6, 7, 8, 9, 10 and 11). Linear
regression analysis was conducted and observed in
table 2 to evaluate the effect of various body
measurements on body weight (BW) in two lines of
Domyati ducks: the brown feather line and the white
feather line. In each case, BW was considered the
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dependent variable (Y), while traits such as shank
length, keel length, breast length and width, beak
length and width, body length, and body
circumference were treated as independent variables
(X).

In the brown-feathered ducks, the most significant
predictors of body weight were keel length, beak
length, and body length. Keel length had a strong and
statistically significant effect on body weight, with an
R2?value of 0.521 (p < 0.001), indicating that this single
trait alone explained more than 52% of the variation
in body weight. Similarly, beak length showed a
strong relationship with BW (R? = 0.493, p < 0.001),
highlighting its predictive importance. Body length
also contributed meaningfully to the prediction
model, with an R? value of 0.357 (p < 0.001).

Shank length showed a relatively low R? value (0.095)
with a p-value of 0.042, indicating a weak but
statistically marginal influence on body weight. Breast
width and body circumference showed very low R?
values (0.026 and 0.001, respectively), and neither

J. Genet. Environ. Conserv., 2025,13(1):34-44.

was statistically significant (p = 0.3 and p = 0.837).
Beak width also showed no significant relationship
with BW (R? = 0.135, p = 0.455).

Although breast length showed an R? value of 0.84
with a highly significant p-value (< 0.001), this result
seems inconsistent with the corresponding
regression coefficients (which were near zero). This
might suggest a reporting error or an artifact in the
model fitting process and should be verified with the
raw data.

In contrast, the white-feathered ducks displayed
consistently high predictive power across all
morphometric traits. Keel length again emerged as
the strongest individual predictor of BW, with an R? of
0.911 (p <0.001), closely followed by breast length (R?
= 0.863), body length (R? = 0.855), and shank length
(R? = 0.839). All these traits showed very high
statistical significance (p < 0.001), suggesting a strong
and reliable relationship with body weight.

Table (2): Regression analysis values, R square and P values of body morphometrics for brown and white
Domyati duck lines

Traits LBW (X)
v) b1 [b2 [ b3 R? p-value
Brown Feather line
Shank length -248 -0.028 -1.509 0.095 0.042
Keel length 0.608 17.229 0.521 0.002 <0.001
Breast length 9.236 0.076 0.000 0.84 <0.001
Breast width 3.804 -1.006 -0.003 0.026 0.3
Beak length 43.777 -5.277 -0.028 0.493 <0.001
Beak width 0.013 -5.12 -6.239 -0.135 0.455
Body length 14.287 1.142 0.011 0.357 <0.001
Body circumference -1.276 -4.076 -0.061 0.001 0.837
White Feather line

Shank length 41.849 0.667 0.004 0.839 <0.001
Keel length 29.609 0.228 0.001 0.911 <0.001
Breast length 11.6211 0.078 0.000 0.863 <0.001
Breast width 31.305 0.896 0.003 0.746 <0.001
Beak length 42.722 4.623 0.045 0.756 <0.001
Beak width 154.67 2.724 0.000 0.835 <0.001
Body length 54.888 -0.080 0.000 0.855 <0.001
Body circumference 175.032 -12.418 0.000 0.730 <0.001
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Additional traits such as beak width (R? = 0.835), beak
length (R? = 0.756), and body circumference (R? =
0.730) also contributed substantially to body weight
prediction. Even breast width, which showed weak
predictive power in the brown line, showed a strong
relationship in the white line (R? = 0.746, p < 0.001).
These results suggest a higher degree of
morphological consistency and trait integration in the
white feather line, with nearly all morphometric
measurements strongly and significantly associated
with body weight.

The observed differences in predictive power
between the two lines may be attributed to genetic
variation, differential growth patterns, and
conformational uniformity. The brown feather line
exhibited selective morphometric influences on body
weight, whereas the white line demonstrated broad,
uniform correlations across nearly all traits.

The prominence of keel length in both lines reinforces
its biological significance, as this trait reflects the
development of the pectoral region, which is highly
relevant to muscle mass and body weight. Body
length and breast length were also consistently
influential, aligning with findings in earlier studies on
indigenous poultry breeds.

Musa et al. (2006) reported that body length and keel
length were the most predictive traits for body weight
in local chickens and ducks. Ajayi and Ejiofor (2009)
observed similar results in Nigerian ducks,
recommending the use of such measurements in
breeding programs. Yakubu et al. (2011) noted that
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morphometric traits such as keel and breast length
are strong predictors of body weight in indigenous
poultry. Islam et al. (2018) highlighted keel length and
shank length as reliable indicators for early selection
in duck breeds.

Conclusions
In Breeding Programs, it implicated that feather color
can be selected independently of body conformation
traits in Domyati ducks. Brown ducks show stronger
and more uniform correlations, suggesting they may
be more reliable for body weight prediction using
morphometrics. White ducks exhibit slightly more
variability, possibly indicating different growth or fat
deposition patterns. Selection programs can benefit
from focusing on high-correlation traits like breast
length, keel length, and shank length to improve
growth performance.
In brown Domyati ducks, only a few morphometric
traits particularly keel length, beak length, and body
length serve as meaningful predictors of body weight.
In contrast, white Domyati ducks showed significant
and strong predictive relationships for all body
measurements analyzed. Keel length is the most
reliable and consistent trait for predicting body
weight in both lines. These findings have practical
implications for selection and breeding programs,
where such morphometric traits could be utilized to
improve growth performance and meat vyield in
ducks.
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Figure (4): Regression analysis for body weight as dependent factor (Y) and shank length (X) of Brown (A) and
White (B) Domyati duck.
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Figure (5): Regression analysis for body weight as dependent factor (Y) and keel length (X) of Brown (A) and
White (B) Domyati duck.
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Figure (6): Regression analysis for body weight as dependent factor (Y) and breast length (X) of Brown (A) and
White (B) Domyati duck.

40



Abdel-Tawab et al.,

BW

27507

2500+

2250

2000+

17507

O Observed

— Linear

— Logarithmic
— Quadratic

— - Cuhic

R Linear = 0,026

T T T
50.00 90.00 100.00 11000 1
Breast_width
(A)

T
20.00

T
130.00

T
140.00

J. Genet. Environ. Conserv., 2025,13(1):34-44.

BW
i O Observed
26004 / ’| — Linear
o o) —Logarithmic
/‘ 5 = Quadratic
b A — - Cuhic
s
1
/4
2400 ;
[+]
o]
7
74 o
77
/
2200 e
o S0 O
g4
Sl
s
s
7~
2000
,/'
it
ee”
1800 z T T T T T
75.00 80.00 85.00 90.00 95.00 100.00

Breast_width

(B)

Figure (7): Regression analysis for body weight as dependent factor (Y) and breast width (X) of Brown (A) and
White (B) Domyati duck.
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Figure (8): Regression analysis for body weight as dependent factor (Y) and beak length (X) of Brown (A) and
White (B) Domyati duck.
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Figure (9): Regression analysis for body weight as dependent factor (Y) and beak width (X) of Brown (A) and
White (B) Domyati duck.
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Figure (11): Regression analysis for body weight as dependent factor (Y) and body circumference (X) of Brown
(A) and White (B) Domyati duck.
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